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Abstract
During the ﬁrst year of data taking ALICE has collected large data samples from pp collisions at the LHC (
√
s =
900GeV and 7TeV). They allowed us to have a ﬁrst look at high-pT phenomena in a new energy regime. We give an
overview of ﬁrst results from the study of jet-like correlations and neutral meson production.
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1. Introduction
Hadron jets are the manifestation of high-pT partons produced in parton-parton scatterings with high transverse
momentum transfer. In heavy-ion collisions, these partons are produced at the very early stage of the reaction. There-
fore, prior to hadronisation, they interact with the high colour-density medium resulting in a loss of energy due to
gluon radiation and multiple collisions. Through the observation of changes in the yield and fragmentation function
of jets produced in heavy-ion collisions as compared to more elementary collisions (pp, pA) the properties of the
medium can be studied [1, 2, 3]. Moreover, the analysis of γ-jet correlations serves to relate the jet energy to the
original parton energy using the energy of the recoiling γ that does not interact strongly with the medium [4].
In central Pb–Pb collisions at the LHC, jet rates are high at energies at which jets can be reconstructed over the
background energy of the underlying event. Hence, event-by-event reconstruction of jets with good energy resolu-
tion will be possible providing the necessary lever arm to measure the energy dependence of medium induced jet
modiﬁcations [5].
ALICE (A Large Ion Collider Experiment) is the general purpose experiment at the LHC optimized for the study
of heavy-ion collisions [6, 7]. As regards jet and photon physics, it is the goal of ALICE to analyse high statistics
triggered jet and γ-jet samples from pp, proton-nucleus and nucleus-nucleus collisions using a combination of tracking
and calorimetric measurements [8, 9]. The ALICE central tracking system covers the pseudo-rapidity range |η| <
0.9 and full azimuth. It has excellent momentum resolution for charged particles from 100MeV/c to 100GeV/c
suﬃcient to measure the full range of fragment momenta for the highest energy jets accessible in heavy-ion collisions.
To provide trigger capabilities and to improve the jet energy resolution an electromagnetic Pb-scintillator sampling
calorimeter (EMCal) will be used. EMCal covers the region |η| < 0.7, Δφ = 110◦ using 13k towers in Shashlik
geometry with APD photosensors (Δη×Δφ = 0.014×0.014). It has a design energy resolution of ΔE/E < 15%/√E+
2%. High precision direct-photon identiﬁcation up to Eγ = 100GeV is achieved with PHOS (PHOton Spectrometer),
a single-arm high-resolution electromagnetic calorimeter of high granularity covering 200◦ < φ < 340◦ and |η| < 0.2.
During the ﬁrst year of LHC operation ALICE has been running with a not yet completely installed electromag-
netic calorimeter system (EMCAL: 4 out of 10 supermodules, PHOS: 3 out of 5 supermodules). ALICE has collected
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large statistic minimum bias data samples of pp (
√
s = 0.9 and 7TeV) and Pb–Pb (
√
sNN = 2.76 TeV) collisions.
High-pT jet and photon triggers will be active in the upcoming 2011 pp runs.
Not feeling limited but rather excited to look at the ﬁrst data taken in a new energy regime we started to study jet
structures via charged hadron correlations and evaluated the performance of charged jet reconstruction. Last not least
neutral meson production which is the dominant background for the direct γ measurement has been studied in the 2γ
decay channel and invariant production cross-sections were compared to NLO calculations. Instead of a full account
of the expected ALICE capabilities for jet and photon physics we present here the results from the ﬁrst year of pp data
taking. We will conclude with a short outlook on the 2011 capabilities.
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Figure 1: 2-particle azimuthal correlations for three diﬀerent ranges of trigger pT at
√
s = 900GeV (left) and
√
s = 7 TeV (right) compared to a
Pythia8 [12] simulation.
2. Particle Correlations
Particle correlations are used to measure jet properties on an inclusive basis in kinematic regions where full jet
reconstruction is diﬃcult [10, 11]. They are studied by plotting the azimuthal angle diﬀerence Δφ between a trigger
particle and associated particles satisfying a combination of transverse momentum cuts (pTt, pTa). As can be seen
from Fig. 1, one observes the so called near-side (Δφ = 0) and away-side peaks separated by 180◦ reminiscent of
the fact that in leading order partons are produced exactly back-to-back. The net parton pair transverse momentum
kT, in particular from initial state radiation, causes a broader away-side peak. Additional smearing comes from the
fragmentation of partons into hadrons, mainly seen as the width of the near-side peak. Last not least the two peaks are
sitting on the ﬂat uncorrelated background of the underlying event (UE).
The characterization of the underlying event of hard collisions in terms of particle and momentum density has
itself gained substantial interest. These quantities can not be derived from ﬁrst principles. However, they are modeled
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by Monte Carlo generators using a combination of perturbative QCD calculation and phenomenological approaches
to soft processes. In particular, the measured UE activity allows to constrain parameters for the modeling of multiple
parton interactions and their evolution with collision energy [13].
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Figure 2: Number density in the transverse region as a function of the leading particle pT for pp collisions at
√
s = 900GeV (upper) and
√
s = 7 TeV
(lower).
2.1. Underlying Event Studies
The standard procedure to characterize the UE, ﬁrst introduced by the CDF collaboration [14], consists in evalu-
ating the particle and summed transverse momentum density in a region transverse in azimuth (Δφ = 90◦ ± 30◦) to
the direction deﬁned by the hardest object in the event (fully reconstructed jet, charged jet, leading particle, ...). Here
we discuss the preliminary results of the analysis using the leading particle direction and measuring the associated
particle densities for pT > 0.5GeV/c and |η| < 0.8 [15].
What can one expect for the dependence of the transverse particle density on the leading particle transverse mo-
mentum pLt ? For very low p
L
t , there is no clear distinction between soft and hard particle production. The density
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strongly rises as a function of pLt simply due to the fact that it is more probable to ﬁnd a high-pT particle in an event
with a somewhat higher multiplicity M (P(M|pLt ) ∼ P(pLt |M)P(M), where P(|) denotes conditional probabilities).
Above a certain pLt the leading particle comes indeed from a hard scattering and the UE activity becomes independent
from the selected hard scattering leading to a plateauing of the density as a function of pLt . As can be seen in Fig. 2
this happens above about 2GeV/c, rather independent of the center of mass energy. The ﬁgure shows also that the
Phojet MC [16] and a range of Pythia tunes [17, 13] under-predict the plateau value.
Another way to present the data is to plot the azimuthal correlations for diﬀerent bins of pLt . As already shown in
Fig. 1, for the lowest pLt bin, the Monte Carlo Generators not only under-predict the plateau values, but have also more
pronounced near-side and away-side peaks. The agreement tends to be signiﬁcantly better at higher pLt . In other words,
in azimuthal correlations the events look more spherical in data with respect to Monte Carlo simulations. As a way
to obtain more information about the diﬀerences between data and Monte Carlo we want to characterize the overall
event shape with the transverse sphericity observable (S T) determined event by event. By studying this variable as a
function of multiplicity we can study the event shape as a function of the UE activity itself, or in phenomenological
terms, as a function of the number of multi-parton interactions [18].
Figure 3: The event averaged transverse sphericity < S T > versus multiplicity in minimum bias pp collisions at
√
s = 900GeV (left) and√
s = 7 TeV (right) compared to Monte Carlo Model calculations.
2.2. Event Shape Analysis
The transverse sphericity is calculated event by event from particles with pT > 0.5GeV/c and |η| < 0.8 for events
with at least 3 such particles. First the 2 × 2-sphericity matrix is calculated as S i j = ∑k pki pkj with 2-momentum
particles vectors in the transverse plane (pk1, p
k
2). From the two eigenvalues λ1 > λ2 of the matrix the transverse
sphericity is calculated as S T = 2λ2/(λ1 + λ2).
Fig. 3 shows the variation of S T with multiplicity. Data at 900GeV and 7TeV is compared to diﬀerent Monte
Carlo simulations. The data shows a higher transverse sphericity over the whole range of multiplicities. There is also
an interesting qualitative diﬀerence. Whereas the measured sphericity rises steadily up to the highest multiplicities
the MC simulations show a turnover at M ≈ 20.
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Figure 4: Left:
√
< j2T > as a function of trigger transverse momentum pTt. ALICE preliminary results from pp collisions at
√
s = 900GeV and
√
s = 7 TeV are compared to the available data from CCOR and PHENIX collaborations [10, 11]. Right:
√
< p2T,pair > measured by ALICE at
7 TeV compared to measurements at lower
√
s.
2.3. Jet Properties from Di-Hadron Correlations
Let’s proceed with the measurement of jet properties from di-hadron correlations [19]. The width of the ap-
proximately Gaussian near-side peak σNS is dominated by fragmentation eﬀects and it can be related to the mean
transverse momentum perpendicular to the jet-axis jT through
√
< j2T > =
√
2σNS
<pTa><pTt>
<pTa>2+<pTt>2
, where pTa and pTt are
the transverse momenta of the associated and trigger particles, respectively [11]. In Fig. 4 (left)
√
< j2T > is plotted as
a function of pTt and compared with results from similar measurements performed at lower center of mass energies at
ISR and RHIC. The plot indicates that, within error bars, the magnitude of
√
< j2T > does not exhibit any dependence
on the trigger pT and
√
s reﬂecting the universality of the fragmentation process.
The away-side peak is formed by the pairs where the trigger and associated particle come from the same hard
scattering but diﬀerent jets. Note, that this peak is much wider than the near-side correlations. This is due to the dijet
acoplanarity induced by soft QCD and NLO radiation. The interpretation of the away-side width is more convoluted
since it includes kT and fragmentation eﬀects. The kinematics of the parton has to be related to the hadronic observ-
ables. Using an analysis procedure described in [11] one can extract the net pair transverse momentum
√
< p2T,pair >.
In Fig. 4 (right) we show this value as measured by ALICE in pp collisions at
√
s = 7 TeV compared to measurements
at lower
√
s.
3. Charged Jet Reconstruction
Charged jets have been reconstructed using tracks measured by the central tracking system (ITS and TPC) [20].
In order to avoid acceptance eﬀects the reconstruction uses a cone size of R = 0.4 and jets are limited to |ηjet| = 0.5.
The results from diﬀerent jet ﬁnders (UA1 Cone-algorithm, kT, anti-kT, and SIScone from the FASTjet package) are
compared. The uncorrected charged jet spectra obtained in minimum bias pp collisions at
√
s = 900GeV and 7TeV
are shown in Fig. 5. The pjetT reach is 20GeV and 90GeV, respectively. The spectra are compared to the single
charged hadron distribution. It clearly demonstrates the higher pT reach of charged jets (factor of 10 higher yield).
Above 10GeV the diﬀerent reconstruction algorithm give the same result.
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Figure 5: The raw number of jets reconstructed in |ηjet | < 0.5 with diﬀerent algorithms and R = 0.4 for pp collisions at √s = 900GeV (left) and√
s = 7 TeV (right). For comparison the input raw track momentum spectrum for |η| < 0.9 is also shown.
4. Photon Physics
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Figure 6: Diﬀerential invariant cross section of π0 production in pp collisions at
√
s = 900GeV (left) and
√
s = 7 TeV (right).
A very attractive possibility for studying jets at lower energy in heavy-ion collisions consists in tagging jets by
γ-jet correlations. Direct γs result at leading order (LO) from quark gluon Compton scattering (qg → qγ) and quark
anti-quark annihilation (qq¯ → gγ). The next-to-leading order (NLO) process is dominated by bremsstrahlung and
fragmentation photons (qg → qgγ). In LO the photons approximately balance the transverse energy of the original
parton and, hence, can be used to assess the jet energy. The jet reconstructed in the direction opposite in azimuth to
the γ is correlated to the photon if it passes a number of selection cuts which reduce the number of fake jets. The
method can be used to measure the fragmentation function of the recoiling jet [21]. Since the cross-section for di-jet
production is much larger than that of direct γ production, the background due to π0 decay photons dominates over
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the signal. As shown in ref. [22], this background can be reduced to a negligible level applying isolation cuts.
4.1. π0 Production Spectra at 900 GeV and 7 TeV
A good understanding of the π0 production spectrum is a prerequisite for the study of direct photon production
and γ-jet correlations. Moreover, this measurement is interesting by itself, since it provides the possibility to test
NLO pQCD predictions in a yet unexplored energy regime and provides reference data for heavy-ion collisions, the
measurement of RAA for neutral mesons.
In ALICE, neutral mesons are reconstructed in the 2γ decay channel in several ways: the two photons are measured
in one of the electromagnetic calorimeters (EMCAL or PHOS), photons that convert in the material of the inner
tracking system (ITS) into two e+e− pairs are reconstructed in the TPC and as well a combination of the previous two
[23]. This provides an excellent opportunity to have independent cross-checks of the results obtained with diﬀerent
subsystems. Fig. 6 shows our preliminary results for the diﬀerential invariant cross-sections of π0 production in pp
collisions at
√
s = 900GeV and
√
s = 7 TeV; pp cross-sections of σpp = 50 ± 10mb and σpp = 67 ± 10mb,
respectively, have been assumed.
The data is compared to NLO pQCD calculations using the CTEQ5M parton density function and KKP param-
eterisation of the fragmentation function [24]. The band corresponds to a standard variation of both renormalisation
and factorization scales μ. The bottom panel shows the ratio of the measured cross section to the NLO prediction.
The uncertainty in the pp cross section, ±10mb, is represented by the pink box. Whereas at 900GeV the data is close
to the central value predicted by the NLO pQCD calculation, at 7 TeV the data lies below the calculation using the
higher QCD scale (μ = 2pT).
Figure 7: Instrumental eﬀects on jet reconstruction: jet ET dependence of width of Gaussian function ﬁt to ΔET/ET distributions (instrumental jet
energy resolution).
5. Short Outlook
The installation of the electromagnetic calorimeter (EMCAL) has been completed and is ready for the 2011 LHC
runs. This will substantially increase ALICE’s reach for high-pT studies. It provides the possibility to trigger on
jets being fully eﬃcient for jet energies above 100GeV. Moreover, the energy resolution which is for charged jets
limited by charged-to-neutral ﬂuctuations (ΔET/ET ≈ 50%) improves to about 20% (see Fig. 7). The expected
inclusive jet production measurement for pp and central Pb–Pb collisions (here at the Pb–Pb LHC design energy of
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Figure 8: Final simulated inclusive jet production cross section with systematic uncertainties (left: 5.5 TeV pp, right: 5.5 TeV central Pb–Pb).
√
sNN = 5.5 TeV) including systematic uncertainties are shown in Fig. 8. The Pb–Pb simulation includes jet quenching
eﬀects modelled by Q-Pythia [25]. The systematic error is dominated by unmeasured energy from neutrons and KL0 .
For one year of LHC data taking under nominal conditions, jet spectrummeasurements up to 200GeVwill be possible.
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